A Gram-stain-positive, non-motile, creamy-white and rod-coccus shaped actinobacterium, designated strain T , capable of degrading petroleum oil was isolated from oil-contaminated soil. Strain T was able to grow at 15-37 C, at pH 5.5-10.0 and at 0.0-2.0 % (w/v) NaCl concentration. This strain was taxonomically characterized by a polyphasic approach. The 16S rRNA gene sequence analysis showed that strain T belonged to the genus Rhodococcus and is closely related to
Strain Ktm -20 T was isolated using a modified culture technique with six-well polycarbonate Transwell plates as described previously [12] . For pure colonies, the bacterial growth was repeatedly streaked on tryptic soy agar (TSA; KisanBio). The pure cultures obtained on TSA were stored at 4 C for short-term maintenance and restreaked every 3-4 weeks. Before use, the strain was routinely cultivated by streaking on TSA incubated at 28 C for 48 h. For long-term maintenance, the cultures were preserved at À70 C in tryptic soy broth supplemented with 20 % (v/v) glycerol.
Genomic DNA of strain T was extracted according to the procedure described by Marmur [13] . The 16S rRNA gene was amplified by PCR using forward primer 27F and reverse primer 1492R [14] . The PCR product was purified with the multiscreen-filter plate (Millipore) and then sequenced with an Applied Biosystems 3730XL DNA analyser utilizing the BigDye terminator cycle sequencing kit version 3.1 (Applied Biosystems). A nearly complete sequence of the 16S rRNA gene was compiled with SeqMan software (DNASTAR). The nearly complete length 16S rRNA gene sequence of strain T was 1455 bp. The closest phylogenetic neighbours of this sequence were identified by using the 16S rRNA gene sequence database from the EZBioCloud server [15] . The 16S rRNA gene sequence of strain T was subjected to multiple alignment with the sequences of closely related bacteria using CLUSTAL_X 2.1 [16] . After multiple alignment, gaps at the 5¢ and 3¢ ends were deleted using the software package BioEdit [17] . Phylogenetic trees were generated by applying the neighbour-joining [18] , maximum-parsimony [19] and maximum-likelihood [20] methods in the MEGA6 program [21] . During the phylogenetic analysis, evolutionary distances were calculated by using Kimura's two-parameter model [22] . Bootstrap values were calculated based on 1000 replications [23] . The comparison of the resulting 16S rRNA gene sequence with the available 16S rRNA gene sequences from GenBank by using the EZBioCloud server (http://ezbiocloud.net/) [15] Cell size and morphology of strain T grown on TSA for 1 day and 4 days at 28 C were studied by transmission electron microscopy (Bio-TEM, Hitachi, H-7650). Colony characteristics were observed after incubation of the bacterial cells at 28 C for 4 days on TSA. Gram-staining type and spore formation were studied by the method described by Beveridge et al. [25] . Motility test was performed in SIM medium (Oxoid) and Reasoner's 2A (R2A) medium supplemented with 0.4 % agar. Growth on different bacteriological culture media was assessed by using R2A agar (MB Cell), nutrient agar (NA; Oxoid), TSA, sorbitol MacConkey agar (MA; Oxoid), marine agar 2216 (Difco), veal infusion agar (VIA; Difco) and Luria-Bertani agar (LBA; Oxoid). Growth at different temperatures was observed on TSA incubated at 10-40 C (10, 15, 20, 25, 28, 30, 32, 35, 37 and 40 C). Growth in different NaCl concentrations was examined by using R2A broth as the basal medium supplemented with 0.0-3.0% NaCl (w/v, at intervals of 0.5 %). The optimum pH for growth was assessed in R2A broth and the medium was adjusted to pH 4.0-12.0 (at intervals of 0.5 pH unit) prior to autoclaving using 0.1 M citrate/NaH 2 PO 4 buffer (for pH range 4.0-5.5), 0.1 M phosphate buffer (for pH range 6-7.5), 0.2 M Tris buffer (for pH range 8-10) [26] and 5 M NaOH (for pH range 10.5-12.0). Testing after autoclaving revealed only minor pH changes. Anaerobic growth was tested on TSA incubated at 28 C for 14 days by using a BBL anaerobic jar with a GasPak EZ Gas Generating Container (Becton Dickinson). Catalase, oxidase, methyl red-Voges-Proskauer and indole tests, and starch, gelatin, and casein hydrolysis tests were performed as described previously [27] . DNA, Tween 40, Tween 80, CM-cellulose, tyrosine, chitin and aesculin hydrolysis tests were conducted as described by Smibert and Krieg [28] . Other physiological, biochemical, and enzymatic activities were performed using API 20NE, API ID 32GN and API ZYM test kits (bio-M erieux) according to the manufacturer's instructions. The oil mixture (500 ppm each of kerosene, diesel and gasoline) degradation capacity of strain Ktm-20 T was determined as described previously [29] The respiratory quinones and polar lipids were analysed from freeze-dried cells as described previously [30] [31] [32] . The appropriate detection reagents as described previously were used to visualize the spots of polar lipids [30, 33] . Fatty acids from strain T and its reference strains were extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.0B). Analysis of fatty acids was performed with a gas chromatograph (HP 6890 Series GC System; Hewlett Packard) and the fatty acids were identified using the TSBA6 database of the Microbial Identification System [34] . The isomeric forms of diaminopimelic acid and the whole-cell sugars were extracted and detected using the methods of Staneck and Roberts [35] . Mycolic acids were extracted and detected as described previously [4, 9] .
The measurement of the G+C content of the chromosomal DNA for strain T was performed according to the procedure described by Mesbah et al. [36] . DNA-DNA hybridization was performed between strain Ktm-20 T T and R. antrifimi KCTC 29469 T ) according to the method described by Ezaki et al. [37] .
The creamy-white colonies of strain T grew well on TSA, R2A and NA. Transmission electron photomicrographs ( Fig. S5 ) of strain T showed that cells exhibited a rod-coccus growth cycle. Growth was observed at temperatures of C and at pH 5.5-10.0. Strain Ktm-20 T could tolerate up to 2.0 % (w/v) NaCl concentration. Strain T grew well in mineral salt medium utilizing higher petroleum oil as an energy and carbon source. The oil degradation experiment showed that strain T was able to degrade around 35.9 % of mixture of oils (kerosene, diesel and gasoline) at an initial concentration of 1500 ppm after 14 days incubation, under condition of pH 7.0, cell density of 0.01 g ml
À1
, temperature 28 C. Other differentiating phenotypic characteristics of strain T are given
Rhodococcus qingshengii djl-6 T (DQ090961)
Rhodococcus degradans CCM 4446 T (JQ776649)
Rhodococcus nanhaiensis SCSIO 10187 T (JN582175)
Rhodococcus marinonascens 3438W T (X80617)
Rhodococcus jostii DSM 44719 T (AB046357)
Rhodococcus tukisamuensis Mb8 T (AB067734)
Rhodococcus percolatus MBS1 T (X92114)
Rhodococcus opacus DSM 43205 T (X80630)
Rhodococcus wratislaviensis N805 T (Z37138)
Rhodococcus koreensis DNP505 T (AF124342)
Rhodococcus imtechensis RKJ300 T (AY525785)
Rhodococcus soli DSD51W T (KJ939314)
Rhodococcus agglutinans CFH S0262 T (KP232908)
Rhodococcus equi ATCC 6939 T (X80614)
Rhodococcus humicola UC33 T (KT301939)
Rhodococcus pedocola UC12 T (KT301938)
Rhodococcus canchipurensis MBRL 353 T (JN164649)
Rhodococcus olei Ktm-20 T (MF405107)
Rhodococcus triatomae DSM 44892 T (AJ854055)

Rhodococcus trifolii T8 T (FR714843)
Rhodococcus corynebacterioides DSM 20151 T (AF430066)
Rhodococcus phenolicus G2P T (AY533293)
Rhodococcus zopfii T1 T (AF191343)
Rhodococcus rhodnii N445 T (X80621)
Actinopolyspora halophila ATCC 27976 T (X54287) T . All data are from the present study, except for those indicated in parentheses, which were taken from the literature [3] [4] [5] [6] [7] [8] [9] [10] . +, Positive; À, negative; W, weakly positive; R-C, rod-coccus; EB-RC, elementary branching rod-coccus.
Characteristic
Growth cycle
Growth at 40 Tween 40 in the species description and illustrated along with other closely related species (Table 1) .
The only isoprenoid quinone in strain Ktm-20 T was a dihydrogenated menaquinone with eight isoprene units, MK-8 (H 2 ), as found in all known members of the genus Rhodococcus [3, 4] . Strain T contained phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylinositol, and phosphatidylinositol mannoside as major polar lipids. Additionally, three unidentified glycolipids and five unidentified lipids were detected. Phosphatidylcholine was not detected when the thin-layer chromatography plate was sprayed with Dragendroff's reagent (Fig. 2) . The major polar lipid profile of strain T was similar to those of R. pedocola KACC 18499 T and R. humicola KACC 18500 T [4] ; R. agglutinans KCTC 39118 T [3] ; and R. defluvii DSM 45893 T [9] , which indicates that strain T belongs to the genus Rhodococcus. However, differences exist in the minor polar lipid profile between T and its closely related reference strains. Phosphatidylglycerol was not detected in strain T , as reported in R. antrifimi KCTC 29469 T [10] . An unidentified phospholipid was not reported in strain T , but reported in R. agglutinans KCTC 39118 T [3] and R. antrifimi KCTC 29469
T [10] . These differences suggest that strain T may be a new member of the genus Rhodococcus. The major fatty acids detected in strain T were C 16 : 0 (35.1 %), summed feature 3 (C 16 : 1 !7c and/ or C 16 : 1 !6c; 23.2 %) and C 18 : 1 !9c (14.8 %). The fatty acid profile of strain T was similar to those of other members of the genus Rhodococcus, indicating that strain Ktm- 
20
T is a member of the genus Rhodococcus. However, the presence of some differences in the contents of the fatty acids clearly distinguished strain T from other closely related species of Rhodococcus ( Table 2 ). The cellwall peptidoglycan of strain T contained meso-diaminopimelic acid (Fig. S6 ) and whole-cell hydrolysates were found to contain galactose, glucose, arabinose and ribose (Fig. S7) , indicating cell-wall chemotype IV [38] . Mycolic acids were detected from strain T by its R F value (0.5) (Fig. S8) .
The DNA G+C content of strain T was 70.9 mol% which falls within the range of 67.0 to 72.0 mol% for the genus Rhodococcus T differs genetically from the other type strains of genus Rhodococcus at the species level [39] .
Strain T can be distinguished from other members of the genus Rhodococcus by several phenotypic, biochemical and chemotaxonomic properties, such as exhibiting a rodcoccus growth cycle; unable to grow at 40 C; cannot tolerate high concentrations of NaCl; can hydrolyse CM-cellulose, aesculin and chitin; assimilates D-mannose, D-mannitol, maltose, malic acid, phenylacetic acid, valeric acid and L-histidine (Table 1) . Chemotaxonomically, the presence of unsaturated fatty acid C 19 : 0 !8c and C 15 : 1 !5c was considered as a chemotaxonomic marker which has not been detected from other members of the genus Rhodococcus (Table 2) . Strain T had the ability to degrade petroleum oil. All the phylogenetic tree analyses showed that strain T formed a separate lineage in between the members of the genus Rhodococcus. Based on the distinct phylogenetic, phenotypic, biochemical and chemotaxonomic data mentioned above, strain T represents a novel species within the genus Rhodococcus, for which the name Rhodococcus olei sp. nov. has been proposed.
DESCRIPTION OF RHODOCOCCUS OLEI SP. NOV.
Rhodococcus olei sp. nov. (o¢le.i. L. gen. neut. n. olei of/from oil, as the organism was isolated from oil-contaminated soil).
Cells are Gram-stain-positive, strictly aerobic, non-sporeforming and non-motile. A rod-coccus growth cycle is observed. The size of colonies is 0.5-1.5 mm in diameter after incubation on TSA at 28 C for 4 days. Colonies on TSA are creamy-white circular, smooth, convex and opaque [25] [26] [27] [28] [29] [30] [31] [32] C) and at pH 5.5-10.0 (optimum, 6.5-8.5). The cells grow optimally in the absence of NaCl but can tolerate up to 2.0 % NaCl. Positive for the catalase test but negative for oxidase, H 2 S production, indole production, methyl red and Voges-Proskauer tests. Hydrolyses Tween 40, Tween 80, aesculin, CM-cellulose, and chitin, but not casein, starch, gelatin, DNA or tyrosine. Positive for leucine arylamidase, valine arylamidase, acid phosphatase, a-glucosidase and b-glucosidase; weak for alkaline phosphatase, esterase lipase (C8), lipase (C14), and naphthol-AS-BIphosphohydrolase; and negative for esterase (C4), cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. Positive for aesculin hydrolysis and b-galactosidase acivity. Negative for nitrate reduction, indole production, fermentation of glucose, 
Conflicts of interest
The authors declare that there are no conflicts of interest.
